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INSPECTION METHOD, INSPECTION
APPARATUS, PRODUCTION METHOD, AND
PRODUCTION SYSTEM FOR HEATSINK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. patent application
Ser. No. 16/211,285 filed Dec. 6, 2018, which 1s based upon
and claims the benefit of priornity from Japanese patent
application No. 2018-2907, filed on Jan. 11, 2018, the
contents of each of which are incorporated herein 1 their
entirety.

BACKGROUND

The present disclosure relates to an mspection method, an
ispection apparatus, a production method, and a production
system for a heatsink. For example, the present disclosure
relates to an inspection method, an spection apparatus, a
production method, and a production system for a heatsink
in which a heat dissipation layer 1s formed on a surface of
a substrate which 1s formed by casting.

In recent years, for example, as sizes of electric circuits in
semiconductor devices decrease, heat-generation densities
of these electric circuits are increasing. Therefore, 1t 1s
important to improve heat dissipation performance of such
clectric circuits and hence heatsinks are provided in such
clectric circuits. A substrate that constitutes such a heatsink
1s usually formed of a metal having a high thermal conduc-
tivity such as aluminum. However, although the thermal
conductivity of the metal such as aluminum 1n 1tself 1s high,
conductivity of heat from the metal to the air tends to be low.
Therefore, a layer of carbon, a nitride, a resin, or the like that
has a higher thermal conductivity to the air than the thermal
conductivity from the metal to the air 1s formed as a heat
dissipation layer on a surface of the substrate.

Incidentally, Japanese Unexamined Patent Application
Publication No. S57-202683 discloses a method for manu-
facturing a heat dissipation base for an electro-thermal
apparatus, 1n which a resin layer 1s formed on a surface of
a substrate 1n a state where residual heat that 1s generated
when the substrate 1s formed by casting remains.

Further, Japanese Unexamined Patent Application Publi-
cation No. 2003-139731 discloses a structure inspection/
diagnosis system in which after a surface of a concrete
structure 1s heated by heating means, the surface of the
concrete structure 1s shot (i.e., photographed) by a thermog-
raphy apparatus and the concrete structure 1s mspected for
presence ol cracking and the like based on acquired image
data.

SUMMARY

The applicant of the present application has found the
following problem. In the case where a heat dissipation layer
1s formed on a surface of a substrate of a heatsink, the
tollowing problem could occur. That 1s, the heat dissipation
layer could be peeled off from the surface of the substrate
due to a release agent adhering to the surface of the substrate
and/or a temperature of the substrate at the time when the
heat dissipation layer 1s formed. Therefore, for example,
although 1t 1s possible to inspect the degree of peeling of the
heat dissipation layer from the surface of the substrate by
using the structure mspection/diagnosis system disclosed in
Japanese Unexamined Patent Application Publication No.
2003-139731, 1t 1s necessary to mspect the degree of peeling
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2

of the heat dissipation layer from the surface of the substrate
by using the thermography apparatus after heating the heat
dissipation layer by using the heating means. Consequently,
it takes time to reheat the heat dissipation layer. As a result,
there 1s a problem that it takes time to 1mspect whether the
heatsink 1s defective or not, thus making the inspection
ineflicient.

The present disclosure has been made 1n view of the
above-described problem and an object thereof 1s to provide
an mspection method, an inspection apparatus, a production
method, and a production system for a heatsink, capable of
improving efliciency of a process for mspecting whether a
heatsink 1s defective or not based on a degree of peeling of
a heat dissipation layer from a surface of a substrate.

A first exemplary aspect 1s a method for inspecting a
heatsink 1n which a heat dissipation layer 1s formed on a
surface of a substrate formed by casting, including

shooting the heat dissipation layer by image pickup means

in a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the heat dissipation layer being formed by per-
forming a film-forming process on the surface of the
substrate where residual heat that 1s generated when the
substrate 1s cast remains, the image pickup means being,
configured to receive an emission of light (an emission
spectrum) from molecules of the heat dissipation layer.

In this way, 1t 1s possible, when the 1mage data represent-
ing the temperature distribution on the surface of the heat
dissipation layer 1s acquired, to eliminate the need for the
process for heating the heat dissipation layer by using
heating means such as a xenon lamp. Therefore, 1t 1s possible
to improve eiliciency of the process for inspecting whether
the heatsink 1s defective or not based on the degree of
peeling of the heat dissipation layer from the surface of the
substrate.

The above-described method for inspecting a heatsink
preferably further includes:

comparing the image data with sampling image data and

calculating a difference between temperatures of a
plurality of areas within a section having a predeter-
mined size 1n the image data and temperatures of areas
in the sampling 1image data corresponding to respective
areas 1n the 1image data, the sampling 1mage data being
acquired in advance and representing a temperature
distribution on the surface of the heat dissipation layer
in a state where the heat dissipation layer 1s not peeled
off from the surface of the substrate; and

determining whether or not a total size of areas having a

predetermined temperature diflerence or larger in the
section 1s equal to or larger than a predetermined ratio
with respect to the size of the section based on the
calculated difference, and determining that the heatsink
1s a defective product in which the heat dissipation
layer 1s peeled off from the surface of the substrate
when the total size of the areas having the predeter-
mined temperature difference or larger 1s equal to or
higher than the predetermined ratio with respect to the
size ol the section.

In this way, 1t 1s possible to easily inspect whether the
heatsink 1s defective or not based on the acquired image
data.

The above-described method for inspecting a heatsink
preferably further includes determining whether or not a
total size of areas having a predetermined temperature or
lower 1n the section having the predetermined size in the
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image data 1s equal to or larger than a predetermined ratio
with respect to the size of the section, and determining that
the heatsink 1s a defective product in which the heat dissi-
pation layer 1s peeled off from the surface of the substrate
when the total size of the areas having the predetermined
temperature or lower 1s equal to or higher than the prede-
termined ratio with respect to the size of the section.

In this way, 1t 1s possible to easily inspect whether the
heatsink 1s defective or not based on the acquired image
data.

The above-described method for mnspecting a heatsink
preferably further includes displaying the image data and the
sampling 1mage data, which 1s acquired 1n advance and
representing the temperature distribution on the surface of
the heat dissipation layer in the state where the heat dissi-
pation layer 1s not peeled ofl from the surface of the
substrate.

It 1s possible to visually recognize a defective part by
displaying the image data and the sampling 1image data as
described above.

Another exemplary aspect 1s a method for producing a
heatsink 1n which a heat dissipation layer 1s formed on a
surface of a substrate formed by casting by performing a
film-forming process, the method mncluding:

detecting a temperature of residual heat of the substrate

after the substrate 1s cast;

forming the heat dissipation layer by applying a film-

forming resin to the surface of the substrate when the
detected temperature of the residual heat of the sub-
strate 1s equal to or higher than a film-forming tem-
perature of the film-forming resin; and

shooting the heat dissipation layer by image pickup means

in a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the 1mage pickup means being configured to
receive an emission of light from molecules of the heat
dissipation layer.

In this way, 1t 1s possible, when the 1image data represent-
ing the temperature distribution on the surface of the heat
dissipation layer 1s acquired, to eliminate the need for the
process for heating the heat dissipation layer by using
heating means such as a xenon lamp. Therefore, 1t 1s possible
to improve ethiciency of the process for inspecting whether
the heatsink 1s defective or not based on the degree of
peeling of the heat dissipation layer from the surface of the
substrate.

Another exemplary aspect 1s an mspection apparatus for
a heatsink 1n which a heat dissipation layer i1s formed on a
surface of a substrate formed by casting, the inspection
apparatus including;

image pickup means for shooting the heat dissipation

layer 1n a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the heat dissipation layer being formed by per-
forming a film-forming process on the surface of the
substrate where residual heat that 1s generated when the
substrate 1s cast remains, the 1image pickup means being
configured to recerve an emission of light from mol-
ecules of the heat dissipation layer; and

processing means for determining whether or not the

heatsink 1s a defective product in which the heat
dissipation layer 1s peeled off from the surface of the
substrate based on the image data.
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By the above-described configuration, 1t 1s possible, when
the 1image data representing the temperature distribution on
the surface of the heat dissipation layer 1s acquired, to
climinate the need for the process for heating the heat
dissipation layer by using heating means such as a xenon
lamp. Therefore, 1t 1s possible to 1improve efliciency of the
process for mspecting whether the heatsink 1s defective or
not based on the degree of peeling of the heat dissipation
layer from the surface of the substrate.

In the above-described mnspection apparatus for a heat-
sink, the processing means 1s preferably further configured
to: compare the image data with sampling image data and
calculate a difference between temperatures of a plurality of
arcas within a section having a predetermined size in the
image data and temperatures of areas in the sampling 1mage
data corresponding to respective areas in the image data, the
sampling 1mage data being acquired 1n advance and repre-
senting a temperature distribution on the surface of the heat
dissipation layer 1n a state where the heat dissipation layer
1s not peeled ofl from the surface of the substrate; and
determine whether or not a size of areas having a predeter-
mined temperature difference or larger 1n the section 1s equal
to or larger than a predetermined ratio with respect to the
size of the section based on the calculated difference, and
determine that the heatsink 1s a defective product in which
the heat dissipation layer 1s peeled oil from the surface of the
substrate when the size of the areas having the predeter-
mined temperature diflerence or larger 1s equal to or higher
than the predetermined ratio with respect to the size of the
section.

Since 1t 1s determined whether the heatsink 1s defective or
not by the processing means as described above, the heatsink
can be easily mspected.

In the above-described inspection apparatus for a heat-
sink, the processing means preferably further configured to
determine whether or not a size of areas having a predeter-
mined temperature or lower 1n the section having the pre-
determined size in the 1mage data 1s equal to or larger than
a predetermined ratio with respect to the size of the section,
and determine that the heatsink 1s a defective product 1n
which the heat dissipation layer 1s peeled off from the
surface of the substrate when the size of the areas having the
predetermined temperature or lower 1s equal to or higher
than the predetermined ratio with respect to the size of the
section.

Since it 1s determined whether the heatsink 1s defective or
not by the processing means as described above, the heatsink
can be easily mspected.

Another exemplary aspect 1s a production system for a
heatsink 1n which a heat dissipation layer 1s formed on a
surface of a substrate formed by casting by performing a
film-forming process, the production system for a heatsink
including:

temperature detecting means for detecting a temperature

of the substrate where residual heat that 1s generated
when the substrate 1s cast remains;

forming means for forming the heat dissipation layer by

applying a film-forming resin to the surface of the
substrate when the detected temperature of the residual
heat of the substrate 1s equal to or higher than a
film-forming temperature of the film-forming resin;
image pickup means for shooting the heat dissipation
layer 1n a state where residual heat transterred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
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layer, the 1mage pickup means being configured to
receive an emission of light from molecules of the heat
dissipation layer; and

processing means for determining whether or not the

heatsink 1s a defective product in which the heat
dissipation layer 1s peeled off from the surface of the
substrate based on the image data.

By the above-described configuration, 1t 1s possible, when
the 1image data representing the temperature distribution on
the surface of the heat dissipation layer 1s acquired, to
climinate the need for the process for heating the heat
dissipation layer by using heating means such as a xenon
lamp. Therefore, 1t 1s possible to improve efliciency of the
process for mspecting whether the heatsink 1s defective or
not based on the degree of peeling of the heat dissipation
layer from the surface of the substrate.

According to the present disclosure, it 1s possible to
improve efliciency of a process for mspecting whether a
heatsink 1s defective or not based on a degree of peeling of
a heat dissipation layer from a surface of a substrate.

The above and other objects, features and advantages of
the present disclosure will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not to be considered as limiting the
present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a control system of a
heatsink production system according to a first embodiment;

FIG. 2 shows a state 1n which a substrate 1s molded by
using a mold 1n a heatsink manufacturing apparatus accord-
ing to the first embodiment;

FIG. 3 shows a state 1n which a heat dissipation layer 1s
formed on a surface of the substrate by using forming means
in the heatsink manufacturing apparatus according to the
first embodiment;

FIG. 4 shows a state 1n which 1mage data 1s acquired by
using image pickup means 1n a heatsink imspection apparatus
according to the first embodiment;

FIG. 5 1s a flowchart showing a flow of a heatsink
manufacturing method according to the first embodiment;

FIG. 6 1s sampling image data representing a part of a
temperature distribution on the surface of the heat dissipa-
tion layer in a state where the heat dissipation layer 1s not
peeled off from the surface of the substrate 1n the heatsink;

FIG. 7 1s image data representing a part of a temperature
distribution on the surface of the heat dissipation layer in a
state where a part of the heat dissipation layer 1s peeled off
from the surface of the substrate in the heatsink;

FIG. 8 1s a block diagram showing a control system of a
heatsink production system according to a second embodi-
ment;

FIG. 9 1s a flowchart showing a flow of a heatsink
manufacturing method according to the second embodi-
ment; and

FIG. 10 1s a block diagram showing a control system of
a heatsink production system according to a third embodi-
ment.

DESCRIPTION OF EMBODIMENTS

Specific embodiments to which the present disclosure 1s
applied are described hereinafter 1n detail with reference to
the drawings. However, the present disclosure 1s not limited
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to the below-shown embodiments. Further, the following
description and drawings are simplified as appropriate for
clanitying the explanation.

First Embodiment

Firstly, a configuration of a heatsink production system
according to an embodiment 1s described. FIG. 1 1s a block
diagram showing a control system of the heatsink produc-
tion system according to this embodiment. FIG. 2 shows a
state 1n which a substrate 1s molded by using a mold 1 a
heatsink manufacturing apparatus according to this embodi-
ment. FIG. 3 shows a state 1n which a heat dissipation layer
1s formed on a surface of the substrate by using forming
means 1n the heatsink manufacturing apparatus according to
this embodiment.

As shown in FIG. 1, the heatsink production system
according to this embodiment 1 (hereinafter, also simply
referred to as the production system 1) includes a heatsink
manufacturing apparatus 2 and a heatsink mmspection appa-
ratus 3.

As shown in FIGS. 1 to 3, the heatsink manufacturing
apparatus 2 (hereinafter, also simply referred to as the
manufacturing apparatus 2) includes a mold 4, temperature
detecting means 5, forming means 6, and processing means
7. Further, the manufacturing apparatus 2 1s used to manu-
facture a heatsink 10 1n which a heat dissipation layer 9 1s
formed on a surface of a substrate 8 which 1s formed by
casting. Note that the heatsink 10 1s not limited to heatsinks
provided in electric circuits, and may 1nstead be any type of
heatsink that 1s provided 1n a place where heat needs to be
dissipated.

The mold 4 1s used to mold the substrate 8 by casting
molten metal such as aluminum. As shown 1n FIG. 2, for
example, the mold 4 includes a fixed die 4a and a movable
die 45. Further, the movable die 45 can be moved toward and
away Irom the fixed die 4a. Alternatively, both dies of the
mold 4 may be movable.

The mold 4 i1s closed by moving the movable die 45
toward the fixed die 4a, so that a cavity 4¢ 1s formed 1nside
the fixed die 4a and the movable die 45. The cavity 4¢ has
a shape corresponding to the shape of the substrate 8 to be
molded. Further, molten metal 1s poured 1nto the cavity 4c¢
from a molten-metal 1nlet (not shown). Further, the mold 4
1s opened by moving the movable die 4b away from the fixed
die 4a, so that the substrate 8 molded in the cavity 4c¢ 1s
removed from the mold 4.

The temperature detecting means 5 detects a temperature
of the cast substrate 8 (1.e., the molded substrate 8). The
temperature detecting means 5 1s, for example, a probe-type
thermometer, and detects the temperature of the surface of
the substrate 8 by bringing its probe into contact with the
substrate 8. The temperature detection means 5 outputs the
detected temperature data to the processing means 7. How-
ever, the temperature detecting means 5 1s not limited to the
probe-type thermometer, and may instead be any type of
thermometer capable of detecting the temperature of the
surface of the substrate 8.

As shown 1 FIG. 3, the forming means 6 forms a heat
dissipation layer 9 by applying a film-forming resin to the
surface of the substrate 8. The forming means 6 is, for
example, a spray nozzle that sprays a film-forming resin that
can form a film (can be sintered) by residual heat that is
generated when the substrate 8 1s cast. As the film-forming
resin, a thermoplastic resin such as polyamide imide (PAI)
or a thermosetting resin such as epoxy-based paint or
phenol-based paint can be used.
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In this embodiment, the heat dissipation layer 9 1s formed
by spraying the film-forming resin on the substrate 8.
However, the heat dissipation layer 9 may 1nstead be formed
by spraying fibrous material, such as carbon, mixed with a
film-forming resin, on the substrate 8, or may be formed by
spraying fibrous material, separately from the film-forming
resin, on the substrate 8.

The processing means 7 controls the forming means 6
based on temperature data of the substrate 8 received from
the temperature detecting means 3, details of which will be
described later.

The mspection apparatus 3 for the heatsink 10 (hereinai-
ter, also simply referred to as the ispection apparatus 3)
determines whether the heatsink 10 1s a conforming product
(e.g., a satisfactory product) or a defective product based on
the degree of peeling of the heat dissipation layer 9 from the
surface of the substrate 8.

As shown 1n FIG. 1, the mspection apparatus 3 includes
image pickup means 11 and processing means 12. FIG. 4
shows a state 1n which 1mage data 1s acquired by using the
image pickup means in the heatsink inspection apparatus
according to this embodiment. As shown i FIG. 4, the
image pickup means 11 shoots (i.e., photographs) the heat
dissipation layer 9 formed on the substrate 8 and thereby
acquires 1mage data representing a temperature distribution
on the surface of the heat dissipation layer 9.

The 1mage pickup means 11 includes a light-receiving
clement that receives an emission of light from molecules of
the heat dissipation layer 9. For example, the image pickup
means 11 1s an infrared thermo-camera. The 1mage pickup
means 11 outputs the acquired image data to the processing,
means 12. However, although the infrared thermo-camera 1s
used as an example of the image pickup means 11, any type
ol 1image pickup means capable of recerving an emission of
light from molecules of the heat dissipation layer 9 and
thereby acquiring 1image data may be used.

The processing means 12 determines whether the heatsink
10 1s a conforming product or a defective product based on
the 1image data received from the image pickup means 11,
details of which will be described later.

Next, a method for producing a heatsink 10 according to
this embodiment 1s described. FIG. 5 1s a flowchart showing
a flow of a method for producing a heatsink according to this
embodiment. As shown 1n FIG. 5, the method for producing
a heatsink 10 according to this embodiment includes a
process for manufacturing the heatsink 10 and a process for
ispection thereof.

Firstly, a substrate 8 1s formed by casting (S1). Specifi-
cally, the mold 4 1s closed by moving the movable die 456
toward the fixed die 4a and molten metal 1s poured 1nto the
cavity 4¢ through a molten-metal 1nlet. Then, after solidi-
tying the molten metal, the mold 4 1s opened by moving the

movable die 45 away from the fixed die 4a and the substrate
8 1s removed from the mold 4 as shown in FIG. 2. After that,

in a state where residual heat generated in the casting
remains, the substrate 8 1s placed on a placement table 13 by
using, for example, conveying means (not shown).

Next, the processing unit 7 of the production apparatus 2
determines whether or not a temperature of a surface of the
substrate 8 1s equal to or higher than a temperature at which
a lilm-forming resin applied to the substrate 8 can form a
film (can be sintered) (1.e., a predetermined film-forming
temperature) (S2). Specifically, the temperature detecting,
means 3 detects the temperature of the surface of the
substrate 8 placed on the placement table 13, which 1s 1n a
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state where residual heat generated in the casting still
remains, and outputs the detected temperature data to the
processing means 7.

Note that, for example, the temperature detecting means
5 1s preferably disposed on the placement table 13 so that
when the substrate 8 1s placed on the placement table 13, the
probe of the temperature detecting means 5 comes 1nto
contact with the substrate 8 and thereby detects 1ts surface
temperature. In this way, when the substrate 8 1s placed on
the placement table 13, the temperature of the surface of the
substrate 8 can be automatically detected. Then, the pro-
cessing means 7 determines whether or not the temperature
of the surface of the substrate 8 in the state where the
residual heat remains 1s equal to or higher than the film-
forming temperature based on the temperature data received
from the temperature detection means 5.

When the temperature of the surface of the substrate 8 1s
equal to or higher than the film-forming temperature (Yes at
S2), the processing means 7 of the manufacturing apparatus
2 forms a heat dissipation layer 9 by controlling the forming
means 6 and thereby applying a film-forming resin to the
surface of the substrate 8 (53). Note that since the tempera-
ture of the surface of the substrate 8 1s equal to or higher than
the film-forming temperature, the film-forming resin forms
a film on the surface of the substrate 8 and thereby becomes
the heat dissipation layer 9. In this way, the heatsink 10
having the heat dissipation layer 9 formed on the surface of
the substrate 8 1s manufactured. The manufactured heatsink
10 1s placed on a placement table 14 by using, for example,
conveying means (not shown) in a state where residual heat
from the substrate 8 remains 1n the heat dissipation layer 9.

Note that the film-forming resin 1s preferably applied 1n a
period during which the temperature of the surface of the
substrate 8 1s equal to or higher than the film-forming
temperature and 1s lower than a set temperature that 1s higher
than the film-forming temperature by a predetermined tem-
perature (e.g., a temperature that 1s 100° C. higher than the
film-forming temperature).

On the other hand, when the temperature of the surface of
the substrate 8 1s lower than the film-forming temperature,
the processing means 7 of the manufacturing apparatus 2
determines that the heat dissipation layer 9 cannot be formed
(No at S2).

Next, the processing unit 12 of the inspection apparatus 3
acquires 1mage data, which 1s obtained by shooting the heat
dissipation layer 9 in the image pickup means 11 and
represents a temperature distribution on the surface of the
heat dissipation layer 9 (54). Specifically, when the heatsink
10 1s placed on the placement table 14, the processing means
12 controls the image pickup means 11 so that the image
pickup means 11 shoots (i.e., photographs) the heatsink 10
placed on the placement table 14 in the state where the
residual heat of the substrate 8 still remains 1n the heat
dissipation layer 9.

In general, unless the heat dissipation layer 9 1s heated by
using a xenon lamp or the like, satisfactory image data
cannot be acquired by the 1image pickup means 11. However,
in this embodiment, since the image pickup means 11 shoots
the heatsink 10 1n which the residual heat of the substrate 8
still remains 1n the heat dissipation layer 9, satisfactory
image data can be acquired by the image pickup means 11.

The 1mage pickup means 11 outputs the acquired image
data representing the temperature distribution on the surface
of the heat dissipation layer 9 to the processing unit 12. It
should be noted that 1n order to acquire satisfactory image
data by the image pickup means 11, the temperature of the
surface of the heat dissipation layer 9 at the time when the
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heat dissipation layer 9 1s shot (1.e., photographed) by the
image pickup means 11 1s preferably about 130° C. or
higher. However, the temperature of the heat dissipation
layer 9 at the time when the 1image data 1s acquired by the
image pickup means 11 may be any temperature as long as
satisfactory 1mage data representing the temperature distri-
bution on the surface of the heat dissipation layer 9 can be
acquired.

Next, the processing unit 12 of the mspection apparatus 3
compares the acquired image data with sampling image
data, which 1s acquired 1n advance and represents a tem-
perature distribution on the surface of the heat dissipation
layer 9 1n a state where the heat dissipation layer 9 1s not
peeled off from the surface of the substrate 8, and calculates
a difference (a temperature diflerence) between temperatures
of a plurality of areas within a section having a predeter-
mined size 1 the image data and temperatures of areas in the
sampling image data corresponding to respective areas 1n the
image data (S5).

Specifically, as sampling 1image data, image data repre-
senting a temperature distribution on the surface of the heat
dissipation layer 9 1n a state where the heat dissipation layer
9 1s not peeled ofl from the surface of the substrate 8 is
acquired 1 advance by performing the above-described
processes 1n the steps S1 to S4. That 1s, the sampling 1image
data 1s 1mage data that 1s acquired by shooting a heatsink 10
that 1s manufactured 1n the same manner as the heatsink 10
to be mspected under the same condition as that for the
heatsink 10 to be inspected (for example, the same elapsed
time after the formation of the heat dissipation layer 9, etc.)
by using the image pickup means 11.

Note that FIG. 6 shows a sampling image data represent-
ing a part of a temperature distribution on a surface of a heat
dissipating layer in a state where the heat dissipation layer
1s not peeled off from a surface of a substrate 1n a heatsink.
FIG. 7 shows an i1mage data representing a part of a
temperature distribution on a surface of a heat dissipating,
layer 1n a state where a part of the heat dissipation layer 1s
peeled off from a surface of a substrate in a heatsink. Note
that 1n FIGS. 6 and 7, the lighter the color of an area 1s, the
higher the temperature of the area is.

As shown m FIGS. 6 and 7, 1t 1s possible to estimate a
temperature distribution on the surface of the heat dissipa-
tion layer 9 by using color-coding. Then, as shown 1n FIG.
6, when the heat dissipation layer 9 1s not peeled off from the
surface of the substrate 8, the temperature distribution on the
surface of the heat dissipation layer 9 1s roughly uniform. O
the other hand, as shown in FIG. 7, when a part of the heat
dissipation layer 9 1s peeled ofl from the surface of the
substrate 8, the temperature of the area where the heat
dissipation layer 9 1s peeled ofl 1s lower than the temperature
of the area where the heat dissipation layer 9 1s not peeled
off.

Therelfore, the processing means 12 of the inspection
apparatus 3 calculates a difference between temperatures of
a plurality of areas within a section having a predetermined
size 1n the 1mage data and temperatures of areas in the
sampling image data corresponding to respective areas in the
image data. That 1s, the processing means 12 calculates a
temperature diflerence between each of the plurality of areas
within the section in the image data and a respective one of
the areas 1n the sampling 1mage data.

Note that the section 1s defined by dividing a part where
the heat dissipation layer 9 1s shown in the image data into
sections having a predetermined size. Further, one or a
plurality of sections are present 1n the image data. Further,
the area 1s defined by dividing the section and a plurality of
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areas are present within the section. Note that in FIG. 7, one
example section C 1s indicated by alternate long and short
dash lines and one example area A 1s indicated by broken
lines. Note that the section and the area may be defined on
a pixel basis.

The processing unit 12 of the inspection apparatus 3
repeats the above-described process 1 the step S5 and
thereby calculates a temperature difference for each area A
in each section C 1n the entire area of the image data.

Next, the processing unit 12 of the mspection apparatus 3
determines, based on the temperature diflerence 1n each area
A calculated for each section C, whether or not a total size
of areas A having the predetermined temperature diflerence
or larger in the section C 1s equal to or higher than a

predetermined ratio with respect to the size of the section C
(S6).

When the total size of areas A having the predetermined
temperature diflerence or larger 1n the section C 1s equal to
or higher than the predetermined ratio with respect to the
size of the section C, the processing means 12 of the
ispection apparatus 3 determines that the heatsink 1s a
defective product in which the heat dissipation layer 9 1s
peeled ofl from the surface of the substrate 8 (Yes at 56).
That 1s, when there 1s a section C 1n which the total size of
areas A having the predetermined temperature difference or
larger 1s equal to or higher than the predetermined ratio with
respect to the size of the section C in the image data, the
processing means 12 determines that the heatsink 10 1s
defective.

On the other hand, when the total size of areas A having
the predetermined temperature diflerence or larger in the
section C 1s smaller than the predetermined ratio with
respect to the size of the section C, the processing means 12
of the mspection apparatus 3 determines that the heatsink 1s
a conforming product (e.g., a satisfactory product) in which
the heat dissipation layer 9 1s not peeled off from the surface
of the substrate 8 (No at S6). That 1s, when there i1s no
section C 1 which the total size of areas A having the
predetermined temperature difference or larger 1s equal to or
higher than the predetermined ratio with respect to the size
of the section C 1n the 1image data, the processing means 12
determines that the heatsink 10 1s satisfactory (1.e., 1s a
conforming product).

In the above-described inspection method, the mspection
apparatus, the production method, the production system for
the heatsink 10 according to this embodiment, the heatsink
10 1s shot (1.e., photographed) by the image pickup means 11
in the state where the residual heat of the substrate 8 still
remains in the heat dissipation layer 9 in order to acquire
image data representing a temperature distribution on the
surface of the heat dissipation layer 9. Theretfore, satistac-
tory 1image data can be acquired.

Accordingly, in this embodiment, it 1s possible, when
image data representing a temperature distribution on the
surface of the heat dissipation layer 9 1s acquired, to elimi-
nate the need for heating process for heating the heat
dissipation layer 9 by using heating means such as a xenon
lamp. As a result, 1t 15 possible to improve efliciency of a
process for inspecting whether the heatsink 10 1s defective
or not based on the degree of peeling of the heat dissipation
layer 9 from the surface of the substrate 8. In addition, 1t 1s
possible to eliminate the need for the heating means such as
a xenon lamp and thereby to contribute to a reduction 1n the
production cost.

In particular, in this embodiment, since 1t 1s determined
whether the heatsink 10 1s defective or not by the processing
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means 12 of the inspection apparatus 3, 1t 1s possible to
casily mspect whether the heatsink 10 1s defective or not.

Note that in this embodiment, after calculating the tem-
perature diflerence 1n each area A 1n each section C 1n the
entire area of the image data, it 1s determined whether or not
the total size of areas A having the predetermined tempera-
ture difference or larger in each section C 1s equal to or
higher than the predetermined ratio with respect to the size
of the section C. However, 1t 1s also possible to repeat a
process of calculating the temperature difference in each
area A 1n each section C 1n a part of the image data and
determining whether or not the total size of areas A having
the predetermined temperature difference or larger 1n each
section C 1s equal to or higher than the predetermined ratio
with respect to the size of the section C. In this case, the
ispection process can be terminated once the heatsink 10 1s
determined to be defective.

Second Embodiment

In the above-described first embodiment, it 1s determined
whether the heatsink 10 1s a conforming product or a
defective product by using sampling 1image data. However,
it may be determined whether the heatsink 10 1s a conform-
ing product or a defective product without using the sam-
pling 1image data.

FIG. 8 1s a block diagram showing a control system of a
heatsink production system according to this embodiment.
In the following description, descriptions of the same com-
ponents and structures as those of the first embodiment are
omitted. Further, the same components as those of the first
embodiment are indicated by the same symbols as those of
the first embodiment.

As shown 1n FIG. 8, a configuration of the manufacturing
apparatus 2 ol a production system 21 according to this
embodiment 1s 1dentical to that in the production system 1
according to the first embodiment. However, processes
performed by the processing means 23 of the inspection
apparatus 22 differ from those performed by the processing
means 12 of the production system 1.

Processes performed by the processing means 23 of the
inspection apparatus 22 in a method for producing a heatsink
10 are explained hereinatter 1n detail. FIG. 9 1s a flowchart
showing a flow of a method for producing a heatsink
according to this embodiment.

As shown 1n FIG. 9, steps S21 to S24, 1.e., steps up to the
acquisition of 1image data in the heatsink production method
according to this embodiment are the same as the steps S1
to S4, 1.e., the steps up to the acquisition of 1image data in the
heatsink production method according to the first embodi-
ment.

Then, 1n the heatsink manufacturing method according to
this embodiment, after the process in the step S24, the
processing means 23 of the inspection apparatus 22 deter-
mines whether or not the total size of areas A having a
predetermined temperature or lower 1n a section C having a
predetermined size in the acquired 1mage data 1s equal to or
larger than a predetermined ratio with respect to the size of
that section C (525).

That 1s, 1n this embodiment, 1t 1s determined whether or
not temperatures of areas A in a section C 1n the image data
1s equal to or lower than the predetermined temperature.
Then, 1t 1s determined whether or not the total size of areas
A, which have been determined to have the predetermined
temperature or lower 1n the section C, 1s equal to or higher
than the predetermined ratio with respect to the size of the
section C. Note that the predetermined temperature may be
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set to, for example, 130° C. However, the predetermined
temperature can be changed as desired according to the
material of the film-forming resin or the like.

When the total size of the areas A, which have been
determined to have the predetermined temperature or lower
in the section C, 1s equal to or higher than the predetermined
ratio with respect to the size of the section C, the processing,
means 23 of the mspection apparatus 22 determines that the

heatsink 10 1s defective (Yes at S25). That 1s, when there 1s

a section C 1n which the total size of areas A, which have
been determined to have the predetermined temperature or
lower 1n the section C, 1s equal to or higher than the
predetermined ratio with respect to the size of the section C
in the 1image data, the processing means 23 determines that

the heatsink 10 1s defective.

On the other hand, when the total size of the areas A,
which have been determined to have the predetermined
temperature or lower in the section C, 1s smaller than the
predetermined ratio with respect to the size of the section C,
the processing means 23 of the mspection apparatus 22
determines that the heatsink 10 1s satistactory (No at S25).
That 1s, when there 1s no section C 1n which the total size of
areas A, which have been determined to have the predeter-
mined temperature or lower 1n the section C, 1s equal to or
higher than the predetermined ratio with respect to the size
of the section C 1n the image data, the processing means 23
determines that the heatsink 10 1s satisfactory.

In the above-described inspection method, the mspection
apparatus, the production method, the production system for
the heatsink 10 according to this embodiment, the heatsink
10 1s also shot by the 1image pickup means 11 in the state
where the residual heat of the substrate 8 still remains in the
heat dissipation layer 9 in order to acquire image data
representing a temperature distribution on the surface of the
heat dissipation layer 9. Therefore, satisfactory image data
can be acquired.

Accordingly, 1n this embodiment, 1t 1s possible, when
image data representing a temperature distribution on the
surface of the heat dissipation layer 9 1s acquired, to elimi-
nate the need for heating process for heating the heat

dissipation layer 9 by using heating means such as a xenon
lamp. As a result, 1t 1s possible to improve elliciency of a
process for inspecting whether the heatsink 10 1s defective
or not based on the degree of peeling of the heat dissipation
layer 9 from the surface of the substrate 8. In addition, 1t 1s
possible to eliminate the need for the heating means such as
a xenon lamp and thereby to contribute to a reduction 1n the
production cost.

In particular, 1n this embodiment, since 1t 1s also deter-
mined whether the heatsink 10 1s defective or not by the
processing means 23 of the ispection apparatus 22, 1t 1s
possible to easily inspect whether the heatsink 10 1s defec-
tive or not.

Note that in the above-described process 1in the step S25,
alter determining the temperature in each area A i the
section C 1n the entire area of the image data, 1t may be
determined whether or not the total size of areas A having
the predetermined temperature or lower 1n the section C 1s
equal to or hugher than the predetermined ratio with respect
to the size of the section C. Alternatively, it 1s also possible
to repeat a process ol determining the temperature in each
area A 1n the section C 1n a part of the image data and
determining whether or not the total size of areas A having
the predetermined temperature or lower 1n the section C 1s
equal to or higher than the predetermined ratio with respect
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to the size of the section C. In the latter case, the inspection
process can be terminated once the heatsink 10 1s deter-
mined to be defective.

Third Embodiment

In the above-described first embodiment, the processing
means 12 of the mspection apparatus 3 determines whether
the heatsink 10 1s a conforming product or a defective
product. However, an operator (e.g., a worker) may deter-
mine whether the heatsink 10 1s a conforming product or a
defective product by using display means.

FIG. 10 1s a block diagram showing a control system of
a heatsink production system according to this embodiment.
In the following description, descriptions of the same com-
ponents and structures as those of the first embodiment are
omitted. Further, the same components as those of the first
embodiment are indicated by the same symbols as those of
the first embodiment.

As shown 1n FIG. 10, a configuration of the manufactur-
ing apparatus 2 of a production system 31 according to this
embodiment 1s 1dentical to that in the production system 1
according to the first embodiment. However, processes
performed by the processing means 33 of the inspection
device 32 differ from those performed by the processing
means 12 of the production system 1. Further, the production
system 31 also differs from the production system 1 because
the mspection device 32 includes display means 34.

Specifically, when the processing unit 33 of the inspection
apparatus 32 receives 1image data from the image pickup
means 11, the processing unit 33 displays the image data and
sampling image data in the display means 34. In this way, an
operator compares the image data displayed 1n the display
means 34 with the sampling 1mage data also displayed in the
display means 34. Then, for example, when an area where
the temperature of the surface of the heat dissipation layer 9
1s lower than a predetermined threshold temperature 1s larger
than an area where the temperature of the surface of the heat
dissipation layer 9 1s determined to be lower than the
predetermined threshold temperature due to an error in the
image pickup means 11, the operator can determine that the
heatsink 10 1s defective.

Therefore, in this embodiment, 1t 1s possible to visually
recognize a defective part by displaying image data and
sampling 1mage data.

The present disclosure 1s not limited to the above-de-
scribed embodiments, and various modifications can be
made without departing the spirit and scope of the present
disclosure.

In the first and second embodiments, although the image
data and the sampling image data are not displayed in
display means, they may be displayed 1in display means.

The heatsink 1n the above-described embodiment may
have a configuration 1n which, for example, a heat dissipa-
tion layer 1s formed 1n a cast article such as a cylinder head
ol an engine.

Although the present disclosure 1s described as a hard-
ware configuration in the above-described embodiments, the
present disclosure 1s not limited to the hardware configura-
tions. In the present disclosure, an arbitrary process can also
be implemented by causing a CPU (Central Processing Unit)
to execute a computer program.

The program can be stored and provided to a computer
using any type of non-transitory computer readable media.
Non-transitory computer readable media include any type of
tangible storage media. Examples of non-transitory com-
puter readable media include magnetic storage media (such
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as tloppy disks, magnetic tapes, hard disk drives, etc.),
optical magnetic storage media (e.g. magneto-optical disks),
CD-ROM (compact disc read only memory), CD-R (com-
pact disc recordable), CD-R/W (compact disc rewritable),
and semiconductor memories (such as mask ROM, PROM
(programmable ROM), EPROM (erasable PROM), flash

ROM, RAM (random access memory), etc.). The program
may be provided to a computer using any type of transitory
computer readable media. Examples of transitory computer
readable media include electric signals, optical signals, and
clectromagnetic waves. Transitory computer readable media
can provide the program to a computer via a wired com-
munication line (e.g. electric wires, and optical fibers) or a
wireless communication line.

From the disclosure thus described, 1t will be obvious that
the embodiments of the disclosure may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the disclosure, and all such
modifications as would be obvious to one skilled 1n the art
are intended for inclusion within the scope of the following
claims.

What 1s claimed 1s:

1. A method for mspecting a heatsink 1n which a heat
dissipation layer 1s formed on a surface of a substrate formed
by casting, comprising:

shooting the heat dissipation layer by image pickup means

in a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the heat dissipation layer being formed by per-
forming a film-forming process on the surface of the
substrate where residual heat that 1s generated when the
substrate 1s cast remains, the image pickup means being,
configured to recerve an emission of light from mol-
ecules of the heat dissipation layer;

comparing the image data with sampling image data and

calculating a difference between temperatures of a
plurality of areas within a section having a predeter-
mined size 1n the image data and temperatures of areas
in the sampling 1image data corresponding to respective
areas 1n the 1image data, the sampling 1mage data being
acquired in advance and representing a temperature
distribution on the surface of the heat dissipation layer
in a state where the heat dissipation layer 1s not peeled

!

off from the surface of the substrate; and

determining whether or not a total size of areas having a
predetermined temperature diflerence or larger in the
section 1s equal to or larger than a predetermined ratio
with respect to the size of the section based on the
calculated difference, and determining that the heatsink
1s a defective product in which the heat dissipation
layer 1s peeled off from the surface of the substrate
when the total size of the areas having the predeter-
mined temperature difference or larger 1s equal to or
higher than the predetermined ratio with respect to the
size ol the section.

2. The method for mspecting a heatsink according to
claim 1, further comprising displaying the image data and
the sampling 1image data, which 1s acquired 1n advance and
representing the temperature distribution on the surface of
the heat dissipation layer 1n the state where the heat dissi-
pation layer 1s not peeled ofl from the surface of the
substrate.
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3. A method for producing a heatsink in which a heat
dissipation layer 1s formed on a surface of a substrate formed
by casting by performing a film-forming process, the
method comprising:

detecting a temperature of residual heat of the substrate

after the substrate 1s cast;

forming the heat dissipation layer by applying a film-

forming resin to the surface of the substrate when the
detected temperature of the residual heat of the sub-
strate 1s equal to or higher than a film-forming tem-
perature of the film-forming resin; and

shooting the heat dissipation layer by image pickup means

in a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the mmage pickup means being configured to
receive an emission of light from molecules of the heat
dissipation layer;

comparing the image data with sampling image data and

calculating a difference between temperatures ol a
plurality of areas within a section having a predeter-
mined size 1n the image data and temperatures of areas
in the sampling 1image data corresponding to respective
areas 1n the 1mage data, the sampling image data being
acquired 1n advance and representing a temperature
distribution on the surface of the heat dissipation layer
in a state where the heat dissipation layer 1s not peeled
off from the surface of the substrate; and

determining whether or not a total size of areas having a

predetermined temperature diflerence or larger in the
section 1s equal to or larger than a predetermined ratio
with respect to the size of the section based on the

16

calculated difference, and determining that the heatsink
1s a defective product in which the heat dissipation
layer 1s peeled ofl from the surface of the substrate
when the total size of the areas having the predeter-
mined temperature difference or larger 1s equal to or
higher than the predetermined ratio with respect to the

s1ize of the section.
4. A method for mspecting a heatsink 1n which a heat
dissipation layer 1s formed on a surface of a substrate formed

10 by casting, comprising:
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shooting the heat dissipation layer by image pickup means
in a state where residual heat transferred from the
substrate to the heat dissipation layer remains and
thereby acquiring image data representing a tempera-
ture distribution on a surface of the heat dissipation
layer, the heat dissipation layer being formed by per-
forming a film-forming process on the surface of the
substrate where residual heat that 1s generated when the
substrate 1s cast remains, the image pickup means being,
configured to receirve an emission of light from mol-
ecules of the heat dissipation layer; and

determining whether or not a total size of areas having a
predetermined temperature or lower in the section
having the predetermined size in the image data 1s
equal to or larger than a predetermined ratio with
respect to the size of the section, and determining that
the heatsink 1s a defective product in which the heat
dissipation layer 1s peeled off from the surface of the
substrate when the total size of the areas having the
predeteiniined temperature or lower 1s equal to or
higher than the predetermined ratio with respect to the
size ol the section.
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